In 1988, a new plasmid profile was observed for Vibrio salmonicida isolated from cod (Gadus morhua) and Atlantic salmon (Salmo salar) in fish farms in northern Norway. This new plasmid profile, which consisted of plasmids of 61, 21, 3.4, and 2.8 megadaltons, is 1 of 11 plasmid profiles which have so far been observed for V. salmonicida. Plasmid profiling and plasmid DNA hybridization were used in epidemiological studies of cold-water vibriosis. Our results indicate that V. salmonicida was transmitted from Atlantic salmon to cod and vice versa. The 61-megadalton plasmid was found exclusively in V. salmonicida strains originating from northern Norway, which is the only area in which this plasmid has ever been observed. Plasmid DNA hybridization and restriction endonuclease analysis show that the plasmid DNA of V. salmonicida remained stable throughout a 7-year survey.
the head region (occasionally in the eyes), and swollen spleen (O. M. R0dseth, personal communication). These symptoms are similar to those observed when cod are infected with Vibrio anguillarum (vibriosis) (2, 3) . The diseased cod fry, however, did not show the extensive internal hemorrhages which are characteristic of Atlantic salmon (Salmo salar) suffering from cold-water vibriosis (4, 5) .
Arcto-Norwegian cod fry and Atlantic salmon were kept in neighboring floating-net pens in a fish farm in northern Norway (county of Finnmark). Initially, an outbreak of cold-water vibriosis was confirmed among the Atlantic salmon. About 1.5 months later, cod fry became diseased, with mortality reaching approximately 50% within 3 to 4 weeks (12) . In the present work, V. salmonicida isolates from both diseased cod fry and Atlantic salmon in the disease outbreaks described above were examined. To date, plasmid profiles are the only tool which can be used to differentiate clearly between strains of V. salmonicida (15, 16) . One purpose of this study was to use plasmid profiling and plasmid DNA hybridization to test the hypothesis that V. salmonicida was transmitted between Atlantic salmon and cod. Another purpose was to investigate the geographic distribution of V. salmonicida strains harboring a 61-megadalton (MDa) plasmid, which had previously been associated only with diseased Atlantic salmon in northern Norway in the period 1982 through 1983 (15) . In spite of examining more than 250 strains of V. salmonicida from outbreaks all along the Norwegian coast during the period July 1986 through July 1987, S0rum et al. (15) did not detect the 61-MDa plasmid; neither did Wiik et al. (16) (8) .
Plasmid screening. V. salmonicida strains were grown on 5% cattle blood agar with 2% NaCl at 15°C for 2 days before being cultivated in 5 ml of Luria broth with 2% NaCl at 15°C for 2 days in a roller drum. The plasmid isolation procedure of Kado and Liu (13) was used. In addition, the screening methods of Birnboim and Doly (1) and Wiik et al. (16) were performed as controls on some of the results.
Plasmid DNA purification. Plasmid DNAs from selected strains of V. salmonicida were isolated from 2-liter cultures of Luria broth with 2% NaCl by using a large-scale sodium dodecyl sulfate method (14) . Plasmid DNA was purified in a cesium cloride-ethidium bromide (CsCl-EtBr) gradient; the EtBr was then extracted with isopropanol, and the salt was removed by dialysis against TE buffer (14) . Restriction (cotyr of ern blotting (14) . (15, 16) . Arrowhead indicates chromosomal bands.
One strain was isolated from a salmon before the outbreak among the cod occurred, and the other strain was isolated from a diseased salmon after the outbreak. The two isolates had plasmid profiles identical to those of the nine isolates from cod described above. (Fig. 2) . Water currents in this area lead directly from farm 2 to farm 3. In addition to the strains which could be related to the disease outbreak among cod, the unique plasmid profile was found in a strain isolated from Atlantic salmon in farm 6 Biochemical properties. The biochemical reaction patterns of strains from cod having four and two plasmids were identical to each other and to previously reported results for V. salmonicida (16) .
DISCUSSION
The only characteristic which makes it possible to differentiate clearly between strains of V. salmonicida is plasmid profile. Otherwise, V. salmonicida is a very homogeneous species (11, 16, 17) . As many as 11 different plasmid profiles have been observed for V. salmonicida (15, 16 ; H. S0rum, unpublished data). This makes plasmid profiling a valuable tool in epidemiological studies of cold-water vibriosis. V. salmonicida isolates from Atlantic salmon and cod in farm 1, from cod in farms 2, 4, and 5, and from Atlantic salmon in farm 3 had identical plasmid profiles. In autumn 1988, the coexistence of the 61-, 21-, 3.4-, and 2.8-MDa plasmids was restricted to V. salmonicida isolates from these five farms. The 61-, 21-, 3.4-, and 2.8-MDa plasmids in isolates from Atlantic salmon in farm 1 hybridized with the respective plasmids in isolates from cod. The unique, identical plasmid DNA in V. salmonicida isolates from cod and Atlantic salmon indicates that both fish species were infected by the same bacterial strain. On the condition that the latency period is approximately the same for Atlantic salmon and cod, the relative dates for the outbreaks of cold-water vibriosis together with the identical plasmid DNA indicate that a transmission of V. salmonicida from Atlantic salmon to cod in farm 1 occurred. Because of the preceding outbreaks among Atlantic salmon, the cod were exposed to an extensive infection pressure. Since the latency period for cod has not yet been established, however, independent infection of cod and Atlantic salmon or the transmission of the infection from cod to salmon in farm 1 cannot be ruled out completely. The cod from farms 2, 4, and 5 originated from farm 1. The outbreak of cold-water vibriosis among Atlantic salmon in farm 3 is very interesting. Farm 3 is situated about 5 km west of farm 2. The water currents in this area lead directly from farm 2 to farm 3. In other outbreaks of cold-water vibriosis in this area, the unique plasmid profile has not been found in the bacterial isolates. This indicates that V. salmonicida was transmitted from the cod in farm 2 to the Atlantic salmon in farm 3. The fact that a V. salmonicida strain isolated from Atlantic salmon in late January 1989 from farm 6 harbored the 61-, 21-, 3.4-, and 2.8-MDa plasmids indicates that strains having this new plasmid profile are becoming more widespread.
The 61-MDa plasmid has been restricted to V. salmonicida isolates from northern Norway. It was observed for the first time in a plasmid screening of V. salmonicida strains in the period 1982 through 1983 (15) . In spite of examining more than 250 V. salmonicida isolates from the majority of outbreaks all along the Norwegian coast from July 1986 to July 1987, S0rum et al. (15) did not observe the 61-MDa plasmid; neither was this plasmid observed by Wiik et al. (16) This indicates that the 61-MDa plasmid reappeared independently of the cod-related plasmid profile. The fact that the 61-MDa plasmid was not observed in the period July 1986 through July 1987 indicates that bacteria harboring this plasmid survived in the environment without causing detectable disease. Hoff (10) has recently reported that V. salmonicida NCMB 2262 survived for more than a year in seawater microcosms. This bacterium has also been found in seawater samples from both fish farms and waters far away from fish farms (10 to 15 bacteria per ml) by using an immunofluorescence technique (9; B. Husev?ag, K. A. Hoff, and 0. Enger, personal communications). By this technique (9) , large numbers of V. salmonicida have been found in sediments (105 to 106 bacteria per ml of wet sediments) under the pens in fish farms previously affected by cold-water vibriosis and also in a farm in which this disease had not occurred (7). Our results, together with the high survival potential in seawater and sediments, indicate that V. salmonicida is endemic in seawater and behaves as an opportunistic fish pathogen.
One of the five isolates from cod in farm 1 had a divergent plasmid profile consisting of only the 21-and 3.4-MDa plasmids. This strain was isolated from a cod which was smaller and had the clinical symptoms of a more prolonged disease than the remaining cod from farm 1 which were investigated. The occurrence of two different plasmid profiles in the same outbreak was unexpected. Previously, only one plasmid profile has been observed in V. salmonicida isolates from several individual Atlantic salmon in the same outbreak as well as in isolates from different organs in the same individual salmon (H. S0rum, unpublished data). Therefore, the individual cod having the divergent plasmid profile does not seem to represent this outbreak.
The DNA hybridization experiments and restriction endonuclease cleavage analysis demonstrated that the 61-and 21-MDa plasmids of V. salmonicida isolates from cod in 1988 were homologous to the respective plasmids in isolates from Atlantic salmon in 1982 and 1983. These results indicate that the plasmid DNA of V. salmonicida is very stable over time. The 61-, 21-, 3.4-, and 2.8-MDa plasmids in a strain from cod hybridized with respective plasmids in strains originating from widely distributed fish farms along the Norwegian coast. This shows that the composition of a plasmid of a certain molecular mass does not vary obviously from one area to another.
The fact that the 61-MDa plasmid has only been observed in northern Norway is very interesting. The northern part of our coast may be comparatively favorable for V. salmonicida strains harboring the 61-MDa plasmid (i.e., water temperatures are low in this area). The first report ever of cold-water vibriosis was from Finnmark (the northernmost county of Norway) in 1977. Since 1977, there have always been outbreaks of the disease in Finnmark county regardless of the situation in other parts of the country (C. W. Koren, personal communication). Northern Norway is the part of the country in which we have found the greatest diversity of plasmid profiles. In fact, all the 11 different plasmid profiles which have so far been observed are represented in strains from northern Norway. It may be asked whether northern Norway is a more favorable area for V. salnonicida than is the rest of the country.
